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Abstract: This study is illuminating the distinctiveness of Particulate matter having 2.5µm size (PM2.5) with water 






 along with carbonaceous aerosols (i.e. BCIR and BCUV) as well as elemental 
profile for the period December 2012 to January 2013 at residential cum industrial site to investigate the quality of air 
of the mega city Karachi. Twenty-six samples have been collected for 24-hours during the study period on PTFE 
samples. Mean concentration of PM2.5 is found to be 112µg/m
3
 which is much higher than the WHO guideline (i.e.25 
µg/m
3




 mean values 
respectively. Na, Mg, Cl, K, Ti, Cr, Mn, Ni, Cu, Zn, Br, Rb, Sr, Zr, Er, Lu, Pb, W, Sn, Sb and Ce were also examined 
in elemental analysis from which Al, Si, S, Ca and Fe shows relatively higher concentrations among the targeted 





from similar sources. HYSPLIT backward air mass trajectories show that regional sources are contributing in high 
concentrations of fine particulates. 
Keywords: PM2.5, anionic composition, black carbon, elemental profile, HYSPLIT. 
Introduction 
Particulate matter is considered as one of the primary 
indicators for prediction of regional air quality according 
to US-EPA. [http://www.epa.gov/airtrends]. As PM10 
and PM2.5 both could pierce through inside the 
respiratory tract although bigger ratio is filtered by nasal 
hairs, it becomes the standard for the measurement of air 
quality as an alternative to total suspended particles 
(TSP). Chronic health effects caused by fine and coarse 
particulates specifically pulmonary turmoil and cardiac 
troubles (Patel et al., 2009). Decrease in the visibility is 
also associated with atmospheric aerosols (Pui et al., 
2014). Elevated concentrations of particulates in air is 
prevalent in the largest part of the Asian urban centers 
which is a diverse blend of atmospheric aerosols 
changeable in dimension and assembling of the 
chemical component as a consequence of blazing 
biomass and fossil fuel, exhaust discharge and cooking 
on burning solid fuel (Carmichael et al., 2009). 
Meteorological factors influence the mass distribution of 
particulates in air. For instance elevated mean values of 
coarse (161µg/m
3
) and fine (81.8µg/m
3
) particles are 
found at Indo-Gagnetic Plain which corresponds to 
humidity and temperature whereas high concentration of 
atmospheric aerosols in winter and reasonably reduced 
mass in summer is observed. Particles distributed to the 
longer range areas are also due to their dimensions. 
(Murari et al., 2017). Greater part of the population 
living in urban areas has PM2.5 concentrations over and 
above the standards set by WHO. Presence of 
atmospheric aerosols exceeding the WHO guidelines in 
various mega cities is showing the pity situation of the 
air quality in Pakistan (Colbeck et al., 2010). Vehicular 
and non-exhaust emissions both are considered as the 
sources of urban air pollutants (Byčenkienė et al., 2014; 
Keuken et al., 2013; Pant and Harrison, 2013; Querol et 
al., 2004). Due to the demography and variety of 
activities with respect to commercial and industrial 
aspects along with traffic density, the mega cities do not 
have uniform profile of the pollutants (Gerrard and 
Kondlikar., 2007). Atmospheric aerosols followed 
several routes which involves natural and anthropogenic 
sources that could be a fusion of miscellaneous 
pollutants incorporate with sulfates, trace elements, 
nitrates, ammonium ions, organic carbon, elemental 
carbon, crustal dust and sea spray (Aldabe et al., 2011; 
Hueglin et al., 2005; Salameh et al., 2015). Smelters and 
steel mills generates PM2.5 along with biomass burning 
and vehicular emissions. Primary sources of PM2.5 also 
include combustion of coal, gasoline, wood and oil 
(Parekh et al., 2001; Pui et al., 2014). Intercession of the 
policies are obligatory without any interruption so that 
eminence of the ambient air in under development urban 
centers could be recovered and evaluation of the risks 
could be done proficiently that assist on national and 
international scale to initiate these uphill struggle 
(Gurjar et al., 2010). For improving the air quality and 
respond to the adverse health impacts, it is necessary to 
screened out completely the chemical composition of 
PM2.5 (Salameh et al., 2015). Data about the chemical 
composition and PM2.5 mass is not available. 
Open Access 
ISSN: 2223-957X 
Int. J. Econ. Environ. Geol. Vol. 8 (4)21-27, 2017 
Journal home page: www.econ-environ-geol.org 
 
Copyright © SEGMITE  
©SEGMITE  
Khan et al. /Int.J.Econ.Environ.Geol.Vol. 8(4) 21-27, 2017 
22 
 
Carbonaceous aerosols pose a serious threat to human 
health. Previous studies revealed that concentration of 
BC is significantly related to PM mass (Tiwari et al., 
2013) along with meteorological conditions including 
humidity, temperature and wind speed indicating the 
local as well as regional sources (Forbes et al., 2006). 
Black carbon concentrations are highly associated with 
the fine particulate as it accumulates mostly on PM2.5 
(Viidanoja, et al., 2002). High black carbon 
concentration endorsed the anthropogenic activities as 
the major cause of air pollution (Tiwari et al., 2013). 
This study was carried out to evaluate the pollution 
status of the urban air in Karachi.  
Site Description 
Karachi has a large network of industries of complex 
nature within the city and in the outskirts, being one of 
the biggest mega cities and hub of economical 
activities. With Latitude 24
0
 51' N; Longitude 67
0
 02' 
E, it occupies the southeast region of Pakistan along 
the shore of Arabian Sea. Variety of industrial 
activities are in process that may consider as the major 
sources of  fine particulates in atmospheric aerosols 
including oil-combusted power plants with refineries, 
chemical industries, steel mills with metal recycling 
plants, cement factories and brick kilns (Barletta et al., 
2002; Khwaja et al., 2012). Blazing of garbage and 
solid waste in open air is recurrent in Karachi (Khwaja 
et al., 2012). From the leading industrial zones of 
Karachi, Korangi industrial area with roughly 2,000 
industries of assorted type is on second stage (Khwaja, 
et al., 2012). Keeping in view all the parameters, a site 
is selected for the preliminary investigation of PM2.5 of 
Karachi city which is situated at the junction of 
industrial and residential areas of Korangi. Although 
the site AFOHS (Air Force Officers Housing Society) 
is well managed and planned residential society but 
located at the Baloch colony fly over cache which 
increases the effect of vehicular emission in 
atmospheric aerosols due to high traffic density (Fig-
1). Korangi Industrial area is also located nearby with 
all kinds of industries that put a heavy load on 
particulates.  
 
Fig. 1: Map of Karachi city showing sampling site. 
Therefore PM2.5 monitoring of the above mentioned 
site becomes the indicator of the urban air pollution 
level. Supplementary detail on site description is 
provided by Khwaja et al. (2012). 
Material and Methods  
Sample Collection and PM2.5 Analysis 
A twenty-four hours intensive sampling campaign was 
conducted. Samples were collected by the sampler 
which was composed of housing, a power supply, UPS 
for backup, a gooseneck, a rubber stopper of 5.72 cm 
inner diameter, a 47mm filter holder, a data logger, a 
mass flow meter, a pump with flow controller, an 
elapsed time indicator, and a Teflon coated aluminum 
cyclone separator (Model URG-2000-30EH; URG 
Corporation, Chapel Hill, NC, USA) with a cut off size 
of 2.5µm. 16.7 L/min flow rate was maintained 
(Khwaja et al., 2012).  
Serially numbered pre-weighed 47mm 2.0µm 
Polytetrafluoroethylene (PTFE) membrane filters 
(Whatman Inc. Florham Park, NJ, USA) with a 
supporting ring composed of polypropylene were used 
to collect samples. The total air sampled was about 
24m
3
. Polypropylene Petri dishes were used to store 
filters carefully at the end of each 24-hour sampling 
period. Prior to sampling, all filters were weighed (ATI 
CAHN, Model C-44) and processed in a ―clean room‖ 
to curtail contamination, air flow interferences and 
electrostatic charges. Strict pre and post visual 
inspection was carried out of the filter papers whereas 
mass concentration were measured by the difference in 
the pre-weighed and post-weighed filter divided by the 
total air volume sampled (µg/m
3
). A widespread 
quality assurance/quality control program was 
sustained during the sample collection and processing, 
mentioned in literature (Khwaja et al., 2012). 
Laboratory Analytical Methods 
After determining PM2.5 mass concentrations, the 
filters were analyzed for black carbon and trace 
elements (Au, Ce, Sb, Sn, As, W, Pb, Lu, Er, Pr, Zr, Y, 
Sr, Rb ,Br, Ga, Zn, Cu, Ni, Fe, Mn, Cr, Ti, Ca, K, Cl, 
S,P, Si, Al, Mg, V and Na). Black carbon was 
examined using a non-destructive Optical 
Transmissometer with Data Acquisition System and 
Dual-Wavelength (Model OT-21, 2007), which 
analyzes black carbon at ultraviolet (370 nm) and 
infrared (880 nm) wavelengths. 
A Thermo Scientific ARL QUANT‘X energy 
dispersive X-ray fluorescence (EDXRF) spectrometer 
(Model AN41903-E 06/07C) was used to analyze trace 
metals with six secondary fluorescers (Si, Ti, Fe, Cd, 
Se, and Pb). Simultaneous measurements could be 
performed through it for concentration and uncertainty 
for a multi-elemental analysis which has high 
reliability and precision. Ion exchange chromatography 
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– IC (Dionex Corp. Sunnyvale CA, USA) is used to 
analyze anions. Plastic vial with 5.0mL of Barnstead 
Deionized (DI) water (18.2MΩ-cm resistivity) was 
used to extorted one-quarter (¼) of each PM2.5 filter. 
Water-soluble ionic species were taking out through 
shaking at an advanced digital VWR shaker (Model 
5000 ADV 120V). It trembled for 24 hours than 
sonicated ultrasonically for 2 hours. Aqueous extracts 







) as analytes during the current study. Prior to 
analysis, all the aqueous extracts were stored at 4°C. 
Screening of water soluble anions was attained through 
an ICS–3000 instrument utilizing a Dionex 
IonPac™AS14 4*250 mm analytical column and 
AG14 guard column with an eluent of a mixture of 
1.0mM NaHCO3 and 3.5mM Na2CO3. Dionex 
Chromeleon software (version 6.60) was used to carry 
out instrumental pedals, attainment of data and 
chromatographic amalgamation. Certified analytical 
reference materials acquired from the source, 
Environmental Research Agency (ERA)® and NSI® 
laboratories, was used for quality control (QC) 
purposes and instrument calibration. Seven standard 
concentrations of 0.1, 0.25, 0.5, 1.0, 2.5, 5.0 and 10.0 
mg/L organized from ERA stock solutions and a QC 
standard (5.0mg/L) prepared from NSI stock solutions 
were used to resolved calibration curves of the 
instrument. At pre and post stage calibration, two 
reagent blanks were analyzed. In the analytical 
sequence, after every 10 sample runs, a continuous 
calibration verification (CCV) standard (5.0mg/L) was 
analyzed. For QA/QC events, replica and spike 
samples were also analyzed at the finishing stages of 
the analytical succession. The lowest standard 
concentration of 0.1mg/L was used to determine the 
minimum reportable level (MRL) for each analyte 
through seven analytical runs. For each analyte, ±15% 
change is observed as shown by results of all the seven 
analytical runs with respect to the marked 
concentration (0.1mg/L). All the analytes have the 
MRL fixed at 0.1mg/L. 
Backward-in-time Hybrid Single Particle Lagrangian 
Integrated Trajectories (HYSPLIT) was implemented 
to resolve the flow of air mass corresponded to 
sampling site for every day of sampling. 48 hours prior 
to sampling date is the time period covered by 
trajectories that are shaped to validate the track of air 
mass flow towards the sampling site. Manifold 5.5 
software exploiting data collected from NOAA 
HYSPLIT website was employed for the plots for 
backward-in-time trajectories (Stein et al., 2015). 500 
meters above sea level was sustained for above 
mentioned trajectories as standard altitude.  
Results and Discussion  
The experimental outcomes of this study include PM2.5 
mass, BC, elemental profile and anions. Meteorological 
parameters are taken into consideration beside these 
experimental outcomes to have a quality picture of 
environmental profile. These experimental parameters 
are addressed sequentially and then they are also 
considered in parallel for perfect insight into research 
problem. 
PM2.5 mass  
The sampling campaign had been conducted for the 
measurements of PM2.5 for two months (i.e. December 
2012 to January 2013). Twenty-six samples have been 
collected from the site AFOHS, two samples each, on 
weekends and weekdays. Samples were analyzed for 
the mass and chemical composition of PM2.5 (i.e. 
collected on the PTFE filter papers) Black Carbon 
(BC), trace elements (TE) and soluble anions are 
further analyzed beside elemental profile. 
Elevated PM2.5 value is observed at the site AFOHS 
which is likely an indication of industrial emissions 
from Korangi industrial areas which is situated nearby. 




, mean PM2.5 
concentration for this site is found to be 112g/m
3
 that 
is six folds higher than WHO guidelines (i.e. 25 µg/m
3
) 
(Nayebare et al., 2016). Several episodes of high and 
low particulate concentrations were observed which 
attributed to meteorological conditions as well as the 
traffic and industrial activities varying on weekdays 
and weekends. Higher concentrations of atmospheric 
aerosols are found at most of the weekends owing to 
the fact that very huge dumping site is located near by 
the sampling site (AFOHS) where biomass burning 
activities are common on weekends (Fig 2). On the 
other hand, high PM2.5 concentrations during weekdays 
indicate the traffic and industrial activities. 
 
Fig. 2 24-h Daily average concentration of PM2.5
 within week. 
Table 1: Aerosol concentration of PM2.5, BC (IR), BC(UV), 




























































Black carbon in fine particulates are measured at two 
wave lengths, one is 370nm that is indicative of bio 
mass burning and also 880nm that is showing the 
effect of vehicular as well as industrial emissions 
(Tripathi et al., 2005). Both, BCUV and BCIR, have high 





 mean values respectively (Table 1, 
Fig 3). The major cause of such high BCUV values is 
huge garbage burning location near the sampling site, 
whereas BCIR is highlighting the industrial as well as 
commercial participation in deteriorating the air 
quality of urban areas as (Husain et al., 2007) reported 
that carbonaceous aerosols contributes up to 15% to 
the fine particulate mass. BCUV contributes 5% of the 
total mass of PM2.5 whereas BCIR ratio is 7%.   
 
Fig. 3 24-h daily average concentration of BC(IR) and BC(UV) 
(µg/m3) within week. 
 
Anionic composition  
Anionic concentrations in fine particulates contribute 
up to 19% of the total PM2.5 mass. It is evident from 
Table 1 that sulfate has the highest concentration 
among all anions trailed by nitrate and chloride. The 
relative inputs of the anionic species in PM2.5 are 15% 
sulfate and 2% each of nitrate and chloride. High 
concentration of sulfate is attributed to coal 
combustion activities occurring nearby the sampling 
sites. Generally SO2 released in atmosphere which 
converts into SO4
-2
 through oxidation by reactions 
proceeding homogenously or heterogeneously and 
accumulate into the particulates (Wang et al., 2006). 
Arid and cold climatic conditions are also supporting 
the conversion of SO2 to SO4
-2
 (Ho et al., 2003). 
Elevated concentration of NO3
- 
is the indication of 
vehicular emissions and industrial activities (Khan et 
al., 2010). It is obvious from the Fig 4 that weekends 
show less nitrate concentrations due to low traffic 
density as compared to weekdays where all the 
commercial actions are in progression. Cl
-
 in fine 
particulates is a causative of sea spray mainly followed 
by burning of plastics (Li et al., 2012). 
 
Fig. 4 24-h daily average concentration of Cl-, NO3
- and 
SO4
2- in Particulate matter. 
Elemental Profile 
Table 1 and 2 represents the elemental concentrations 
of PM2.5 collected during the sampling period. 
Elements include Al, Si, S, Ca and Fe show relatively 
higher concentrations amongst the targeted 26 
elements that comprise almost 50% of the mass of fine 
particles whereas rest of the percentage is compensated 
by Na, Mg, Cl, K, Ti, Cr, Mn, Ni, Cu, Zn, Br, Rb, Sr, 
Zr, Er, Lu, Pb, W, Sn, Sb and Ce. Being the major 
components of the earth‘s crust, Al and Si are 
responsible to amplify the heavy loadings of PM2.5 due 
to the windblown as well as the re-suspension of soil 
dust. Presence of S and Fe indicates the industrial 
activities along with combustion of coal whereas K is 
taken as a marker of biomass burning (Khare and 
Baruch, 2010). Zn and Pb have the common source of 
vehicular emissions while Ca and Mg are from the 
crustal sources and Na from sea salt spray in addition 
to Cl (Vallius et al., 2005).      
Table 2: Metal profile of PM2.5 in Karachi city (Concentrations are reported in µg/m
3). 
 Na K Mg Ca Al Ti Mn Fe Ni Cu Zn Er Lu Pb 
Min. 0.7 1.63 0.19 1.65 0.42 0.06 0.03 0.78 0.02 0.02 0.18 0.02 0.03 0.25 





































To have a quick and first insight into the possible 
sources of different elements in fine particulates, 
Pearson's correlation coefficient could be suitable tool 
that is a non-parametric correlation and provides a 
simple approach to identify certain links between the 
analytes. The correlation coefficient of PM2.5 with 
anions and elements are studied. A very strong and 
significant correlation was found between Al and Si (r 
~1). Other elements are also having a significant 
correlation with Al including K (r = 0.947), Ca (r = 
0.933), Mg (r = 0.997), Cr (r = 0.976), Mn (r = 0.984), 
Fe (r = 0.989), Cu (r = 0.523) and Ni (r = 0.949) which 
could be taken as a causative of re-suspension of the soil 





 (r = 0.783) entailing their 
common source as vehicular emission and/or industrial 
activities related to coal combustion processes (Khan et 
al., 2010; Yu et al., 2013).  
Negative correlation of SO4
2- 

















 also shows good negative 
correlation with SO4
2-
 (r = -0.439) and NO3
-
 (r = -




 mostly reside in fine 
particulates and have acidic character due to which it 
may converted into either coarse particulates or dry 
deposition through alkali and alkaline ions from sea 
spray and re-suspension of the soil dust (Saxena et al., 
2017).   
Variation in meteorological conditions also 
significantly persuades the concentration of PM2.5 
which mainly includes visibility, humidity, and 
temperature and wind speed (Table 3). Inverse relation 
found between visibility and PM2.5 (i.e. r = -0.67) 
clearly indicating that greater the concentration of 
PM2.5 lower will be the visibility of atmosphere as the 
particulates are responsible to absorb solar radiations 
that disturb the light balance of the environment (Dons 
et al.,  2012). Humidity also negatively correlates with 
the PM2.5 (r = -0.537) since higher the humidity, more 
will be the accumulation of the pollutants on 
particulate matter that makes it heavy enough to be 
5 
       
Fig 5-6 (L-R) Air mass back trajectories of Karachi city. 
 
Table 3 Correlation matrix of PM2.5 and meteorological data. 
 
Pressure Wind speed Humidity Visibility Temperature 
Wind speed 0.334 
   
 
Humidity -0.015 0.181 
  
 
Visibility 0.140 0.395 0.143 
 
 
Temperature -0.111 0.295 0.320 -0.386  
PM2.5 -0.287 0.030 -0.537 -0.670 0.266 
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unable to stay in atmosphere and goes into dry 
deposition. No significant effect is observed of 
temperature and wind speed on PM2.5 concentration 
because temperature remains almost constant i.e. ≈ 
20°C throughout the study period with deviation of 
2°C to 4°C which is very nominal and unable to 
produce particulates through photochemical reactions 
with precursors. Effect of wind speed on particulates is 
related to the threshold of 3m/s which was not 
observed during the study period at the sampling site 
AFOHS, Karachi. Similar patterns were observed in 
Nagasaki, Japan (Wang et al., 2015).   
HYSPLIT air mass trajectories 
To recognize the contribution of regional meteorology 
in PM mass concentration NOAA Hybrid Single-
Particle Lagrangian Integrated Trajectory (HYSPLIT) 
model was used through GDAS meteorological data. 
Backward air mass trajectories were measured 500m 
above the ground level at 24-h for the sampling 
location 24.90N; 67.13E. Three days are selected i.e. 
from 12
th
 Jan to 14
th
 Jan due to high loadings of PM2.5. 
It is obvious from the Fig 5 and 6 that most of the mass 
is contributed from the arid areas located in the North 
and North-West parts supporting the regional 
contribution in high loadings of PM2.5 (Wang et al., 
2006). 
Conclusion 
Results revealed that PM2.5 mass concentrations in all 
the samples exceeding the WHO guidelines. BCUV and 
BCIR both are present in all samples owing to the fact 
that it accumulates mostly on fine particulates. 
Elemental profile of PM2.5 shows that elements related 
to re-suspension of the soil dust including Al and Si 
have highest concentrations whereas other elements 
like K, Ca, Mg, Cr, Mn, Fe, Cu and Ni are also 
associated showing significant correlation which is an 
indication of identical source. HYSPLIT model 
revealed that meteorological conditions effect on high 
loadings of particulate matter up to a significant extent. 
More stringent investigations are suggested to identify 
the sources and factors contributing in declining the air 
quality of the mega city. 
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